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OBJECT

To develop a new explosive loading
for the M1A1 bangalore torpedo and M3
demolition snake which will improve the
performance of these items and which
will be less sensitive to rifle-bullet
impact.

- SUMMARY

The M1A1 bangalore torpedo and the
M3 demolition snake have 80/20 amatol’
as the main charge and crystalline TNT
as the end charges. Because of the sensi-
tivity of crystalline TNT to rifle bullet
fire, these demolition items are unsafe
under combat conditions.

To improve the safety and performance

“of both the torpedo and snake, the follow-

ing loadings were compared with the
standard loading:

Hrln Chaigs End Chargas
Filler 1 Compasition B Composition A-3
Flller 2 TNT (cast) Composition A-3

Standard Flller 80/20 amatol TNT (crystalline)

Filler 1 was less sensitive to rifle-
bullet impact than the standard combi-
nation,

Although Composition A-3 was not
affected in 150 bullet-impact tests using
.30 caliber ball, .50 caliber ball, .50
caliber AP or .50 caliber APIT rounds,
crystalline TNT detonated 47 times in
98 tests using .30 caliber or .50 caliber
ball. Composition B, 80/20 amatol, and
cast TNT were all essentially unaffected

by rifle fire in 154 tests with ,30 caliber
or .50 caliber ball.

In functioning tests at ambient temper-
ature and at -65°F, both filler 1 and the
standard filler were reliably initiated by
Type 1l special blasting caps inserted
in the detonator. However, they could
not be-initiated by No. 60 detonating
cord wrapped around one end of the
torpedo.

Under similar test conditions the
filler 1-loaded torpedo cleared 90% of
the mines in an experimental mine field;
the standard loaded torpedo cleared 75%
of the mines. The filler 1-loaded demo-

lition snake cleared 100% of the mines;

the standard-loaded 'sna'lce cleared 87.5%
of the mines,

A torpedo loaded with filler 1 produced
the largest crater, 24 cubic feet, Filler
2 produced a crater of 16 cubic feet, and
the standard- filler a crater of 12 cubic
feet. ‘ '

Although tests at Picatinny Arsenal
showed that torpedoes loaded with filler
1 were somewhat superior in wire-cutting
effectiveness, no appreciable difference
in this respect was demonstrated in the
tests conducted at Fort Knox,

Composition B or cast TNT is pref-
erable to 80/20 amatol as the center
charge of these items because amatol is

more difficult to load and is hygroscopic.
The only apparent disadvantage in the
use of Composition A-3 is that it is

-
.
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slightly more difficult to load than
crystalline TNT.

CONCLUSION

- The use of Composition B as the

- main charge and Composition A<3 as
the end charges in both the bangalore
torpedo and the demolition snake im-
proves their performance and nfle bullet
safety.

RECOMMENDATIONS

Composition B and Composition A-3
_should be used as the center charge and
end charges, respectively, for the banga-
lote torpedo and demolition snake
cartridge.

Cast TNT should be used as an
alternative center charge for these demo-

o lmon items.

i he use of exploswe pellets for the
‘end chacges of the torpedo should be
investigated.

INTRODUCTION |

1. Picatinny Arsenél was requested
(Ref A) by the Office, Chief of Ordnance,

" to develop, for the M1Al bangalcre torpedo,

an explosive charge which would be in-
sensitive to rifle and machine gun fire.
This new charge was to function reliably
at temperatures ranging from ~65°F to
125°F and was to give improved per-
formance if possible.

2. In approaching this problem, it

was assumed that the 80/20 amatol
center charge of the M1Al bangalore was
relatively insensitive to bullet impact
while the crystalline TNT end charges

. were sensitive to such impact. The basic
problem, therefore, was to develop a re-

placement for the crystalline TNT, It
was also apparent that because 80/20
amatol is difficult to load, is extremely
hygroscopic, and has a low rate of
detonation, a better center charge could
probably be developed.

3. Composition A-3 and Composition
B were selected for study as the end
charges and center charge, respectively,
In December 1953, however, OAC re-
quested that cast TNT be approved as an
alternate center charge for the torpedo
because of the difficulty in loading 80/20
amatol (Ref B). Accordingly, the investi-
gation was expanded to include tests of
torpedoes loaded with a cast TNT center
charge and a Composition A-3 end charge.

4. When the investigation of the
M1A1 bangalore torpedo was begun, it
was requested that the M3 demolition
snake be included in the study (Ref C).
Because the problem was almost identical
for both items, the development tests
were conducted only with the torpedoes.
This report covers these tests and also
includes the results of Army Field Force
Board Tests of filler 1-loaded bangalore
torpedoes (designated M1A2) and demo-
lition snake cartridges (designated M3Al)
both containing Composition B as the
main charge and Composition A-3 as the
end charges,
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RESULTS

5. Bangalore torpedoes, with three
different explosive loadings as shown
below, were tested for sensitivity to
tifle-bullet impact at -65°F, 160°F, and
ambient temperature:

Main Charge  End Chnig‘o

Filler 1 Compositica B Composition A-3
Filler 2 TNT (cast) Composition A-3
Standard Filler 80/20 Amatol TNT (crystalline) .

The results, detailed in Table 1, are
summarized below:

a. End Charges
(1) Composition A-3 gave no
action in 35 tests with .30
caliber ball, 83 tests with
.50 caliber ball, and 6 tests
each with .50 caliber AP and
.50 caliber APIT rounds.

(2) Crysealline TNT detonated in
13 of 45 tests with .30 caliber
‘ball and in 34 of 53 tests with

.50 caliber ball,

b. Center Charges
(1) Composition B gave no action
in 22 tests with .30 caliber
ball and in 38 tests with .50
caliber ball.

(2) Cast TNT gave no action in
10 tests with .30 caliber ball.
In 26 tests of cast TNT with
.50 caliber ball, no action

was noted, except that smokc °

was observed in 3 of the 6

tests at ~65°F.

(3) 80/20 amatol gave no action
in 22 tests with .30 caliber
ball. In 38 tests of this ex-
plosive with .50 caliber ball,
no action was nuted except
‘that smoke was observed in
3 of the 6 tests at ~65°F.

6. Sensitivity to initiation was de-
termined by testing bangalore torpedoes
with two types of end charges, Compo-
sition A-3 and crystalline TNT. The re-
sults, detailed in Table 2, were:

a. Blasting Caps: Twelve torpedoes
with Composition A-3 end charges were
tested at ambient temperature, 10 at
~40°F, and 2 at -65°F. Seven torpedoes
with crystalline TNT end charges were
tested at ambient temperature only. With
a Type II special blasting cap, all of the

above torpedoes were unfailingly initiated.

~b. No. 60 Detonating Cord: With
No. 60 detonating cord wrapped around

one end of the cartridge, 8 out of 10

torpedoes with Composition A-3 and 3

out of 5 with crystalline TNT end charges
failed to initiate at ambient temperature.
In 7 tests at ~65°F using No. 60 deto-
nating cord wrapped around Composition
A-3 end charges and with the loose cord
end inserted in the fuze well, 4 torpedoes
failed to initiate.

c. No. 45 Detonating Cord: With

No. 45 detonating cord wrapped around
the end, 6 torpedoes, 3 each with
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Composition A-3 and crystalline TNT
end charges, all failed to initiate when
tested at ambient temperature.

7. Barbed-wire-clearance tests were
conducted at Picatinny Arsenal using a
specially constructed frame with barbed

~wire strands (Fig 1). The appearance of

the wires after firing is shown in Figure 2,
Detailed results, given in Table 3 are
summarized as follows:

a. Torpedoes loaded with filler 1
cut a total of 73 double strands of No. 12
gage barbed wire in 5 tests.

. b, Torpedoes leaded with filler 2
cut a total of 68 double strands.

c. The standard torpedoes cut a
total of 63 double strands of barbed wire.

8. Fort Knox Tests: Wire clearance
tests were also conducted at Fort Knox.
These tests showed no appreciable differ-
ence in barbed-wire-clearing effectiveness
between torpedoes loaded with filler 1

and the standard loaded torpedoes (Ref F).

9. Crater Formation: In cratering tests
conducted at Picatinny Arsenal, the tor-
pedoes loaded with filler 1 formed a crater
of approximately 24 cubic feet with a
depth of 1 foot. The standard torpedo
formed a crater of approximately 12 cubic
feet with a depth of 8 inches, while the
units loaded with filler 2 formed a crater
of approximately 16 cubic feet with a
depth of 8 inches (Table 3). Figures 3
and 4 give detailed dimensions of the
craters formed at Fort Knox by torpedoes

and snakes loaded with both the {iller 1

and the standard filler combinacions.

10. Mine Clearance: Mine clearance
tests were conducted at Fort Knox with
the torpedoes (Fig 5) and the snakes
(Fig 6). The filler 1 charge was compared
with the standard charge in both these
items, Test results are given in detail
in Table 4 and summarized as follows:

a. In dry soil, torpedoes loaded

- with filler 1 cleared 90% of all AP and

AT mines over an 8-foot path width and
78.2% over a 14-foot path width; the
standard torpedoes cleared 75% and
59.5%, respectively.

b. In wet soil, torpedoes loaded
with filler 1 cleared 93.5% of all AP and
AT mines over a 5-foot path width and

- 72.8% over 14 feet; the standard tor-

pedoes cleared 56.3% and 53.2%, re-
spectively, '

c. In dry soil, snakes loaded with
filler 1 cleared 100% of all AP and AT .
mines over a 55-foot path width and
90.5% over 70 feet; the standard snake
cleared 87.5% and 81.5%, respectively.

d. In wet soil, snakes loaded with
filler 1 cleared 100% of all AP and AT
mines over a 25-foot path width and
90.5% over 60 feet; the standard snake

cleared 84% and 74.5%, respectively,

11. Durability Tests: Durability tests
were conducted at Fort Knox to determine

SANITINFATIAL
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the ability of filler 1 loaded in both the

. bangalore und snake to withstand the
severe treatment of being pushed and
dragged along secondary roads and cross- -
countty terrain, Both items thhstood
the test without incident (Ref D).

DlSCUSSlONl-OF RESULTS

: 12 Maini and End Charge Sensxtmty{ N

‘The principal reason for seeking a te-

- placement for the etystalline TNT end
charges in the M1A1 bangalore torpeda’

- and ‘M3 demolition snake is that TNT = -
in granular form is hxghly sensxtive to |

rifle bullet impact. During testing, a

. marked contrast. was obséi'ved in the

rifle billet sensitxvxty of crystalline

" 'INT and that of Composition A-3, TNT,

detonated 13 out of 45 shots with a .30
5 ’_ cgl_iber ball and 34 out of 53 shots wuh
a.50 cahber ball. Composmon A3 not

o 50 caliber ball ‘but, in‘the limited: number

was not'detofiated

. by 1T rounds. Bullet-"
sensxmmy tests of cast TNT, 80/ 20
"amaml and: Composiuon B as Gétiter or |
- thain charges showed that all of these

" explosives are essentially insensuive

- to impact by a",30 cahber or a'.50 callber
" ball, ' '

13. Sensitivity to Initiation: Tests of
the comparative sensitivities of crystal-

line-TNT and Composition A-3 to initiation

by No. 45 or No. 60 detonating cord were
included, because it was believed that
this was one of the required methods of
initiation (Ref E). The cord was wound

around one end of the torpedo. For some
of the tests, the loose end was inserted
into the detonator well. Neither the

-crystalline TNT nor the Composition
# A-3 was consistently initiated, It should

be noted that instructions’ prescubmg
detonating cord for initiating totpedoes

are indefinite in that the weight of the
. cord to be used is omitted, What is xm-

portant i8 that the end charges were
initiated unfaxlmgly when a Type Il
special blasting cap was inserted in the’
detonator well. When the-cap alone was

~used as the initiator, Composition A-3

functioned in all tests at ambient tempet-

“ature, -40°F; and ~65°E. There waq
-, never any. questmn as to complete:“i"

funcuomng

14 Barbed Vllre Clearance Tests

" conducted at Picatinny Arsenal to de- -
.. termine the wire ‘clearing capabilities™ 7"
" of the y@nous explosive combinations  ~ - -

i iied o Sl
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_showed thac filler-1:loaded torpeaoeg ;
o were 9"8“”? superior to the stlndard L

" Tests conducted at  F ort Knox showed .

no appreciable dxfference inthis respec: -

- between filler 1-loaded torpedoes and ~
 the standard torpedoes. Judging the total -

results conservatively, it may be con:
cluded that units loaded with filler 1 are’
at least as effective in wire clearing as
the standard units. It is understandable
that the Picatinny Arsenal tests detected
a difference in performance, whereas the -
fieid tests did not. The Picatinny Amenal
test structure was designed for the
‘specific purpose of measuring performance
quancitatively.
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15. Both at Picatinny Arsenal and at
Fort Knox, cratering tests showed that
filler 1-loaded torpedoes produced ap-
preciably wider and deeper craters than
the standard type. At Picatinny Arsenal
filier 2-ioaded torpedoes were included
in the cratering tests, These were found -
to be inferior to filler 1-loaded bangalores,
but superior to the standard units. The

“cratering capability of tne bangalore

torpedo should be considered an important

‘functioning characteristic because it
represénts the mine:clearing potenual

of the demolition item. In actual mine-
clearmg tests conducted at Fort Knox,

- filler 1-loadings proved considerably
~ more effective than the standard loadings

with both the torpedo and the snake.

16. The durability tests at Fort
Krox showed that filler 1-loaded upits
canbe safely handled. This was demon-"
strafed by the fact that they withstood -

S e S TP S R

~the joltings; vibrations; impact; ahd~—-;

shgck that we £e ;mparted to them bv

“the spécnal rough road- treatment to which v -
;- they were; q/ub)eczed

1 _ .
17,1t i l(nown frdm laboratory tests

that Compoutlon B is.more brisant than
80/20 amatol. This gréater brisance is
demonstrated by its superior mine- «clearing
and cratering effectiveness. It is also
known that amatol is hygroscopic and

" may therefore be expected to function

less reliably under certain conditions
than the relatively non-hygroscopic:
Composition B. Composition A- 3is
more brisant and less sensitive to rifle
bullet fire than the granular TNT. In

10

addition to its more obvious advantages,
filler 1 has another desirable feature,
namely, higher density. The snake
cartridge with filler 1 weighs 50.6 pounds,
whereas the standard-loaded carmdge )
weighs 40.6 pounds; the hangalore

~~~~~~

cartridge wuh filler 1 weighs 15.42
pounds, whereas the cartridge with the

. standard filler weighs 12.42 pounds,

Obviously, the superior performance of
filler 1 is due in a large measure to che :

~ greater weight of the explosive, It is

also-evident that this higher charge '
density | makes it possible to improve the
standard torpedo and snake in euher of
two ways:

a. lmproVéd pérfor_maince can be

" achieved by using the*standard metal

parts and accepting the ;reacé;“loaded
we_ight of filler 1. "

b, Srandard performance can be ob:

) talned by redesigning the metal parts so

" that the items, ‘when loaded, would wexgb_

the same as the present standard unit,.
but would be smaller,

18 Although Composmon A-3 c:m
be tamped into the torpedo or snake as
the end charges without great dnfhculty,
the simple pouring operation involved
in t‘he,loading"of gtanular TNT, is certainly

~ easier, The loading procedure for the end

charges can, "how‘ever, be simplified by

. using Composition A-3, or probably some

other appropriate explosive, such as
PBX in pellet form.

19. In view of the superior performance

CONFIDENTIAL
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‘and rifle-bullet -safety of filler l;‘loa‘ded
torpedoes and snakes, the items loaded

~ with this filler were released for pro-
duction engineering studies. In accordance

with Refetence G, the torpedo and snake
with filler 1 were designated: torpedo,
bangalore. M1A2, and snake, demolition,

o MBM respecuvely

xvenmenm. PROCEDURE o

iwere loaded imaccordance
, rawmg shown in Figure 7.
Torpedacs containing filler 1 were loaded

- as. ghown in Figure 8. Torpedoes con: ! -, 3
_ taining filler 2 were loaded in accordance

with the sime drawing except that cast
TNT was used in place of Composition -

_ B. In loading Compusition A-3, a weighed
'portmn was poured into the ends of the

tube and censolidated by hand- tampmg
with a wooden rod. The ‘standard: M3 .

,,__demokaea—s&akes—were—ibfde& ifi &g \'~

cordance with-Figure 9: Snake :armég

_ containing filler 1 were loaded in ac-
“cordance with Figure 10. .

21 Y’I'he_ bullet inipicc tests were per
formed by placing a single torpedo hori-
zontally on a mound of earth. Target

" points were marked 2 inches and 15 inches

from each end of the cartridge. The effect
of the firing on the explosive was ob- ...
served -and recorded. Complete destruct:on
of the torpedo was. reported as ‘‘deto-
nation’’ and the appearance of smoke

was teported simply as ‘‘smoke."’

22. The test to determine whether
detonating cord could be used to

11

"0“ Thn standard MIAT bangalore -

initiate torpedoes was performed by
attaching the cord within 2 inches of the

end of the torpedo using a four-loop ¢love
 hitch, A blasting cap was then fasteped

to one free end of the cord and aetoﬂated
In a madification of this tést, the same

procedure was used except that one end
of the cord was first placed in the deto- :

_ nator well,

23, In all initiation tests except those -

conducted with detonatmg cord, d Type II

~ special blasting cap was mserted} in the
. detonator well of the torpedo and’ mmated

thh a_ten- -cap blasting maéhme

" 24.:For the”barbed wire cutting test |
conducted’ at Picatinny Arsenal, a frame
30 feet. long'by'20 feet wnde was con-

- structed of 1}4- inch plpe No. 12 gageg

double- strand barbed wiré was strung

| 2Teet apart a,nd hand tightehed. Foue

i

'CLEtS 1% feeuapa:t«m&h 11-strandson

. ‘each tier weré arranved Thc topru‘ws
were placed’ dn'dry; rocky ground 3 feec

below the first tier-and perfnendzcular to’

i -the darecuom of the barbed’ wite (Fig’ D
1 All units were fired a ambxent temper—

at UI'C

25, Durability tests on the torpédo
cartridges were performed at Fort Knox
by towing a train of several lengths,
butted end to end, over cross-country
terrain. The durability of the M3 demo-
lition snake was tested with a 175-foot

- length of the snake. Fifty feet of the

cartridges, loaded with filler 1, were

placed in the middle, The test ‘consisted
of towing and pushing the units 3 miles
over cross-country terrain.
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TABLE 4

Bangalore Torpedo and by Demolition Snoke

- Bangalore Torpedo

% Clourna'lﬁ Dry Soll

»S'om{ard Filler Filler 1
100.0 - 100.0
87.5 87.5
. 8Ts 87.5
75.0 920.0
67.9 78.6
59~5 78.2 !
59.% 78.2
475 71.8
Demolition Snoke
835 100.0
L. oA 1000 ,
AR X I 100.0
e 96.5 100,0 -
940 i LI X
- 94.% 100.0
By 10 n
93.5 100.0-
90.0 “100.0
- 879 100.0
- 850 97.0
85.0 ©94.0
81.4 90.3
- 76,8 88.5
74.0 86.
20
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% Cloared in Wt Soll

Standard Filler Filler 1
100.0 1100.0
56.3 93.5
- 61.0 82.2
58.0 85.7
53.5 74.0
"5%.2 .76.6-
v+ 53.2 72.8
- 44,0 63.9
100.0° 100.0
84.5- © 100.0
88.0 100.0
84.0 . 100.0
_ 813 - 94.0
OB T Ty
87.0 - 950
o828 5.5
7907 96.0 .
73.0 96.5
74.5 90.5
71.0 - 91.0
100.0° 83.5
100.0 100.0
» 100.0 100.0
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DISTRIBUTION LIST

Commanding Officer

Picatinny Arsenal

Dover, N. J.

ATTN:  Technical Information Section

Chief of Ordnance
Department of the Army
Washington 25, D, C.
ATTN: ORDTA, Mr. Bartlett
ORDTX-AR
'ORDIM

Armed Services Techmcal lnformauon Agency :
Document Service Center
Knott Building

Dayton 2, Ohio -

ATTN: DSC-8D

Department of the Navy
Bureau of Ordnarce

‘Washington 25, D. C._

AT'I_'N Re2a

" Re2e¢"

T

~ Commanding General

Aberdeen Proving General

Maryland

ATTN: Bﬁllxsuc Research Laboratones

. Commander

U. S. Naval Ordnance Test Station
Inyokern, China Lake, California

Commander
U. S. Naval Ordnance Laboratory

White Oak, Silver Spring
Maryland
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Copy No.

Otfice, Chief of Engineers
Gravelly Point, Virginia

ATTN: ENGNF o . : S

Headquarters
CONARC .
Fort Monroe Virginia o : ' ) . ‘ 25-27

Commanding Officer

~ Office of Ordnance Research

Box CM, Duke Station _
Durham, North Carolina S ‘ ‘ 28

Commanding General
-Ordnance Ammumuon Command
Joliet, Illinois

ATTN: ORDLY-ARAC, Mr. E. G. Rapp IR -

Engmeer Research and Developmenr Laboratory (ERDL)‘W
Fi, Belvoir, Virginia

ATTN: Obs and Demo Brinch - - n 30 S

anmnur{;un nuq\-ru‘!
Redstone Arsenal
Huntsville, Alabama

ATTN: Technical Libraty =~ = o \31

Commandant

~ U. S. Marine Corps o _ o L
Washington 25, D. C. - , 2/

British Joint Services Mission

Technical Services

1800 K Street, N. W.

Washington, D, C. ' : 33-34

Canadian Army Staff
2001 Connecticut Avenue, N. W,
Washington, D. C. 35 - 36
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docnment ia the proporty of tho Unlml ftates Gowrnmont. | lt is tux'n mm id. &ur the du-«

ivauon of the contract: and shall be returned when no_longer require up\Tn racall by ASTIA
to the following sddress: Armed Bervices Technical u!orn atli '\‘\‘ﬁ’“*'%"'
Doeumnt Sarvicc Center, Knott sumn.. Dnyton 2, Q'!I!W “

'--nanu

'NOTICE: WHEN ' GOVERNMENT OR OTHER muwmas, S PECIFICATIONS i, / \ THER DATA |
JRE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DE FIICELY mx*m'vﬁ:n:». 1

GOVERNMENT PROCUREMENT OPERATION, THE U. 8. GOVERNMENT TEERE BY INCURE
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATEOEVER; AND THE FACT TEAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISKED, OR IN ANY WAY SUPDLITD 1A%

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA I8 NOT TO BE REGARL:D'BY . °
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLIEF. OR ANY O’I‘HEH

ON OR conpom.'rxou OR CONVEYING ANY RIGHTS OR PERMISSIOH T1) MANUFACTUR‘ i,

N'I‘ION TEAT MAY IN ANY WAY BE Rit.L. b,




